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1
DOT MATRIX TYPE SERIAL PRINTER

BACKGROUND OF THE INVENTION

This invention relates to dot matrix type serial print-
ers for printing characters of any number as desired in
one line of characters of a predetermined length, and

more particularly it is concerned with a dot matrix type

serial printer of the type described which is capable of
varying as desired the pitch of dots for forming each
character in the direction in which the characters are to
be printed in one line.

When printing data having a predetermined number
of characters to be printed in one line is printed by
means of a serial printer using a series of wires in a row
for forming characters by dots in which the length of
one line of characters is too short to accommodate the
predetermined number of characters to be printed in
one line of the printing data, it has until now been neces-
sary to vary the pitch of the dots in the line of charac-
ters in accordance with the length of one line of charac-

ters and the number of characters to be printed in one
line of the particular serial printer to be used.

Because of this, it has been the usual practice, in a
serial printer of the prior art in which characters are
printed in the form of a dot matrix by moving in recip-
rocatory movement a print head by means of a step
motor or a DC motor along one line of characters to be
printed, to provide pulse generating means, such as a
rotary encoder, for detecting the position to which the
print head moves. The pulse generating means is opera-
tive to output, as the print head moves, pulse signals in
- which each has a frequency divided by an integer in

accordance with the length of one line of characters and

the number of characters to be printed in one line of the
particular serial printer, so as to produce timing signals
which allow the pitch of the dots for printing characters
to be adjusted to carry out dot printing satisfactorily.
In a serial printer of a timer type, it has been the usual
practice to provide a timer circuit for producing timing
signals, and to set the timer circuit at a predetermined
time in accordance with the length of one line of char-
acters and the number of characters to be printed in one
line of the particular serial printer. After the timer cir-
cuit is started in timed relation to the commencement of

the movement of the print head, a timing signal is gener- -
ated by the timer circuit at each predetermined time, so

as to print characters at a desired pitch of the dots in a
direction in which the characters are to be printed in
one line. ,

Some disadvantages are associated with the serial
printers of the prior art noted hereinabove. The prob-
lem with which the serial printer of the type in which
the frequency of each pulse signal is divided by an inte-
ger is that it is only by an integer that the frequency of
each pulse signal is divided and it is impossible for this
type of serial printer to print characters at various dot
pitches obtained by dividing the frequency of each
pulse signal by a number which is not an integer.

In the serial printer of the timer type, the timer circuit
s started by a drive pulse applied to a step motor for
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. the dots oriented in the direction in which the charac-

ters are printed become non-uniform because the time at
which the drive current is passed and the distance cov-

ered by the movement of the print head are not con-

stant, thereby tending to degrade the printed charac-
ters.

SUMMARY OF THE INVENTION

This invention has been developed for the purpose of
obviating the aforesaid disadvantages of the prior art.
Accordingly, the invention has as its object the provi-
sion of a dot matrix type serial printer which is capable,
by using a simple construction, of varying as desired the
pttch of dots for forming characters in the direction in
which the characters are to be printed in one line to
enable any number of characters to be printed in one
line of characters of a predetermined length, whereby
an arbitrarily selected number of characters can be
printed in one line of characters of a predetermined
length.

To accomplish the aforesaid object, the invention
provides a dot matrix type serial printer, in which the
frequency of each timing signal generated in syn-
chronium with the movement of the print head in a
direction in which characters are to be printed in one
line is divided to print characters in timed relation to
each other, with means for varying by a minute amount
the pitch of the dots for forming characters in the direc-
tion in which the characters are printed in one line,
whereby the space between the adjacent two characters
can be set at any value as desired.

In the present invention, the pitch of the dots for
forming characters in the direction in which the charac-
ters are to be printed in one line is varied by a minute
amount in accordance with the number of characters to
be printed in one line of characters of a predetermined
length. Thus, the invention enables the space between
the adjacent two characters to be printed in one line to
be Increased or reduced as desired, to meet the condi-
tion of printing an arbitrarily selected number of char-

‘acters in one line of characters of a predetermined
45 length
- Thus, the invention provides a dot matrix type serial

- printer which is capable of varying as desired the pitch

~ of the dots for forming characters in accordance with
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driving the print head at the time the movement of the

print head is commenced. This gives rise to the problem

that, when a DC motor is used for driving the print
head, it is impossible to start the timer circuit in timed
relation to the commencement of the movement of the
print head. Even if the timer circuit is started at the time
- a drive current is passed to the DC motor, the pitch of

65

the number of characters to be printed in one line of
characters of a predetermined length, so as to enable an
arbitrarily selected number of characters to be printed
in one line of characters of a predetermined length.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a sectional view of the dot matrix type serial
printer comprising one embodiment of the invention,
showing its printing mechanism:

FIG. 2 1s a block diagram of one example of the con-
trol circuit for electronically controlling the serial
printer shown in FIG. 1;

FIG. 3 1s a table of data obtained by dividing the
frequencies of pulse signals for different dot pitches;

FIG. 4(A) shows the wave form of pulse signals;

FIG. 4(B) shows the wave form of timing signals
corresponding to the pulse signals; and

FIG. 5 1s a table of data for dividing the frequency of
each pulse signal by an integer.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the dot matrix type serial
printer in conformity with the invention will now be
described by referring to the accompanying drawings.

Referring to FIG. 1, a platen 1 is rotatably supported
by a main body frame, not shown, and a platen drive
motor 36, such as a step motor, a DC motor, etc., subse-
quently to be described is drivingly connected to the
platen 1. As the platen drive motor 36 is actuated, the
platen 1is driven to rotate angularly through any angle
as desired either in a forward direction or in the reverse
direction, to thereby feed a print sheet 2 supported
thereby in a direction which is perpendicular to the
direction in which characters are printed in one line on
the print sheet 2.

Two guide rods 3 and 4 supported by the main body
frame extend parallel to the platen 1 for supporting a
carriage S for sliding movement axially of the rods 3 and
4. A carriage drive motor 21, such as a step motor, a DC
motor, etc., subsequently to be described is drivingly
connected to the carriage 5 through a timing belt, not
shown, so that the carriage 5 can move on the guide
rods 3 and 4 along a line of characters to be printed on
the print sheet 2 any distance as desired, as the carriage
drive motor 21 is actuated to drive the carriage 5.

Supported on and secured to the carriage 5 is a print
- head 7 which has a series of printing wires in a row and
magnetic drive means, not shown, mounted therein for
magnetically driving the printing wires in a row. The
magnetic drive means is operative to selectively actuate
the printing wires in accordance with timing signals and
pattern data subsequently to be described, to print char-
acters on the print sheet 2 in the form of a dot matrix.

A ribbon cassette of a stationary type is mounted to
the main body frame and contains therein a fabric rib-
bon, not shown. The fabric ribbon which is folded in the
ribbon cassette is trained along a printing surface of the
print head 7 and fed by a ribbon drive motor 38 subse-
quently to be described.

FIG. 2 shows one example of the control circuit for
the serial printer of the aforesaid construction, and FIG.
3 shows data obtained by dividing the frequencies of
pulse signals for dots of different pitches oriented in the
direction in which a plurality of characters are to be
printed when the resolving power of pulse generating
means 1s indicated by 1/720 in. in terms of the distance
covered by the movement of the print head 7. The data
obtained by dividing the frequencies of pulse signals
will hereinafter be referred to as “frequency-division
data.”

Reterring to FIG. 2, a central processing unit (CPU)
10 recetving data from external devices, not shown,
such as a host computer, through an interface 11 is
connected to a read-only memory (ROM) 12 and a
random access memory (RAM) 13 through respective
data bus. The ROM 12 stores therein pattern data of
characters and symbols in conformity with various
kinds of data and various kinds of programs for control-
ling the serial printer. The RAM 13 includes an Input
buffer 14 and a print buffer 15, the former storing
therein data for one line of characters to be printed
which 1s inputted thereto and the latter storing therein
pattern data read out from the ROM 12 in accordance
with data transferred thereto from the input buffer 14.

Connected to the CPU 10 through a data bus is a
carriage drive circuit 20 to which is connected the car-
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riage drive motor 21 referred to hereinabove. The car-
riage drive circuit 20 drives, based on a carriage drive
signal outputted by the CPU 10, the carriage drive
motor 21 for rotation to move the carriage 5 for any
distance as desired along a line of characters to be
printed on the print sheet 2 supported by the platen 1. A
print head drive circuit 22 to which the print head 7 is
connected 1s Iinked by a data bus to the CPU 10. The
print head drive circuit 22 is operative, when a timing
signal subsequently to be described is inputted thereto,
to selectively actuate the printing wires in accordance
with pattern data. Pulse generating circuit 23, such as an
encoder, is connected to the carriage drive motor 21
and successively outputs pulse signals of a pulse dura-
tion conforming to the predetermined resolving power
(1/720 in.) as the carriage drive motor 21 is driven for
rotation. Connected to the pulse generating circuit 23 is

- a counter circuit 24 which outputs counter signals in
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accordance with the number of pulse signals inputted
thereto. A comparator circuit 25 has two input termi-
nals, one connected to the counter circuit 24 and the
other connected to a frequency-division data control
unit 26. Connected to the frequency-division data con-
trol unit 26 are the first to eighth frequency-division
data memories 27-34 which store the first to eighth
frequency-division data units, respectively, in storage
positions corresponding to dots of different pitches
oriented in the direction in which characters are to be
printed as shown in FIG. 3. The CPU 10 is connected

by a data bus to the frequency-division data control unit

26 which outputs a selection signal based on dot pitch
designating data inputted by an external device. Thus,

the frequency-division data control unit 26 outputs,
based on the selection signal, an access signal to the first
to eighth frequency-division data memories 27-34 to
retrive the first to eighth frequency-division data units
from their respective storage positions corresponding to
the pitch of dots oriented in the direction in which
characters are to be printed and transfers same to a
register 26a. The comparator circuit 25 is connected to
the print head drive circuit 22 and compares a counter
signal with each of the first to eighth frequency-division
data units. A timing signal for deciding the required dot
pitch 1s outputted by the comparator circuit 25 to the
print head drive circuit 22 when the counter signal is
found to coincide with one of the frequency-division
signal units. A platen drive circuit 35 is linked by a data
path to the CPU 10 and has a platen drive motor 36
drivingly connected thereto. Thus, based on a platen
drive signal, the platen drive circuit 35 drives the platen
drive motor 36 for rotation to rotate the platen 1
through any angle as desired in one of the normal and
reverse directions, to thereby feed the print sheet 2.
Connected to the CPU 10 is a ribbon drive circuit 37
which drives a ribbon drive motor 38 for rotation when
a ribbon drive signal is inputted thereto from the CPU
10, to thereby feed the fabric ribbon.

The operation of setting the dot pitch in the direction
in which characters are to be printed will be described
by referring to FIGS. 4(A) and 4(B).

As data 1s inputted from an external device, the CPU
10 gets the data stored in the input buffer 14. When a
data unit for one line of characters is stored in the input
buffer 14,, the CPU 10 has access to the data stored in
the input buffer 14 and reads out from the ROM 12
pattern data corresponding to the data in the input
buffer 14 to which access has been had and transfers
same to the print buffer 15. Meanwhile, the CPU 10
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outputs, in accordance with dot pitch designating data
inputted from the external device, a selection signal for
a dot pitch of 1/160 in., for example, in the direction in
which characters are to be printed to the frequency-
division data control unit 26. Upon receipt of the selec-
tion signal, the frequency-division data control unit 26
outputs an address signal to each of the first to eighth
frequency-division data memories 27-34 to read out the
first to eighth frequency-division data units from their
positions corresponding to the dot pitch of 1/160 in. and
transfer same to the register 26a.

Upon printing initiation data being inputted from the
external device to the CPU 10, the latter outputs a car-
riage drive signal to the carriage drive circuit 20 to
move the carriage § in one direction in which charac-
ters are to be printed in one line and outputs to the print
head drive circuit 22 data pattern which is read out
from the print buffer 15. As the carriage 5 moves in one
direction, pulse signals are successively outputted from
the pulse generating circuit 23 and the comparator cir-
cuit 25 compares the first frequency-division data (four

pulses) inputted from the frequency-division data con-

trol unit 26 with the counter signals inputted from the
counter circuit 24. When one of the counter-signals
coincides with the first frequency-divided data (four
pulses), the comparator circuit 25 outputs a first timing
signal to the print head drive circuit 22 which selec-
tively actuates, upon receipt of the first timing signal,
-the printing wires of the print head 7 in accordance with
the pattern data, to print a row of dots. In this way, as
the print head 7 moves in one direction, the comparator
circuit 25 successively compares the second to the
eighth frequency-division signal units inputted from the
frequency-division data control unit 26 with the counter
signals and successively outputs the second to eighth
timing signals as a coincidence occurs between the sec-
ond to eighth frequency-division data units and the
counter signals outputted by the counter circuit 24. The
number of pulse signals corresponding to the first to
~eighth frequency-division data units totals thirty-six

... (36). Since the first to eighth timing signals are pro-
- duced while the thirty-six pulse signals are outputted,
the first to eighth timing signals are produced with an .~
average cycle of 4.5 pulses. Since the pulse generating
circuit 23 has a minimum resolving power of 1/720 in.,"
printed characters have a mean dot pitch of 1/160 in. By -
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which the characters are to be printed in a line. How-
ever, the invention is not limited to this specific mean
dot pitch, and dot pitches of 1/96 in., 1/106.7 in.,
1/127.1 in., 1/192 in., 1/123.3 in., 1/274.3 in., 1/288 in.
and 1/320 in. may also be provided by dividing the
frequencies of pulse signals by numbers which are not
integers. By using these dot pitches, it is possible to
perform the printing of characters in the same manner
as described by referring to the dot pitch of 1/160 in.
That is, the first to eighth frequency-division data units
are read out from the storage positions in the first to
eighth frequency-division data memories 27-34 for the
different dot pitches shown in FIG. 3 and the pulse
signals are successively subjected to frequency-division
based on the first to eighth frequency-division data
units, to thereby perform the printing of characters by
using any one of the dot pitches referred to herein-
above.

FIG. 3 shows the first to eighth frequency-division
data units for different dot pitches obtained by dividing
the frequencies of pulse signals by a number whichis not
an integer. To obtain dot pitches by dividing the fre-

quencies of pulse signals by integers, one only has to use

the first to eighth frequency-division data units shown
in FIG. 5.

From the foregoing description, it will be appreciated
that, in the serial printer of the dot matrix type accord-
Ing to the invention, pulse signals outputted as the print
head 7 moves are successively subjected to frequency-
division based on the first to eighth frequency-division
data units in accordance with a predetermined pitch of
dots oriented in the direction in which characters are to
be printed in one line, to provide timing signals. Based
on the timing signals thus provided, characters are
printed in a dot matrix form by means of wires, so that
it 1s possible to print characters in the form of rows of
dots at the pitch of dots oriented in the direction of the
line of characters obtained by dividing the frequency of
each pulse signal by a number which is not an integer.
This makes it possible to print any number of characters
as desired in a line of characters of a predetermined

In the embodiment of the invention described herein-

- above, the CPU 10 outputs a selection signal to the

45

successively subjecting the pulse signals outputted by

the pulse generating circuit 23 to frequency-division by

using the first to eighth frequency-division data units, it
Is possible to perform the printing of characters by
forming dots with a dot pitch of an average of 1/160 in.
in the direction in which the characters are to be printed
In a line after dividing the frequencies of the pulse sig-
nals by a number (4.5 pulses) which is not an integer.

When the printing operation performed by using the
mean dot pitch of 1/160 in. is finished, the CPU 10
outputs a platen drive signal to the platen drive circuit
35 to angularly rotate the platen 1 to move the print
sheet 2 to a position in which the printing of characters
in the next line is to be commenced. Then, the print
head 5 is moved in a direction opposite to the direction
in which it was moved previously, so that the printing
of characters with a mean dot pitch of 1/160 in. in the
direction in which the characters are to print in a line
can be performed in both direction on the print sheet 2
supported by the platen 1.

The invention has been described as being able to
provide a means dot pitch of 1/160 in. in the direction in

frequency-division data control unit 26 based on dot

-~ pitch designating data inputted by an external device to

the CPU 10, and reads out the first to eighth frequency-

- division data units from the storage positions in the first
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to eighth frequency-division data memories 27-34 for
the specific dot pitch, so as to subject the pulse signals
to frequency-division based on the frequency-division
data and to print characters at a desired pitch of dots
oriented in the direction of the line in which characters
are to be printed. The invention is not limited to the
aforesaid construction, and similar results can be ob-
tained by providing the serial printer with a change-
over switch to select a suitable pitch for the dots ori-
ented in the direction of the line in which characters are

to be printed in a manner to suit the condition of print-
ing or by calculating a dot pitch in the direction of the
line of characters based on the length of one line of
characters of the serial printer and the number of data
units for the line of characters inputted by an external
device to provide a desired dot pitch by calculation, to
output a selection signal based on the dot pitch thus
obtained to the frequency-division data control unit to
read out frequency-division data units from the storage
positions of the frequency-division data memories for
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the particular dot pitch. The pulse signals are subjected
to frequency-division based on the frequency-division
data units, so as to obtain a timing signal for deciding
the pitch of dots oriented in the direction of the line of
characters.

The embodiment of the serial printer of the dot ma-
trix type according to the invention has been described
as using a series of wires in a row which are selectively
actuated for printing characters by using dots. How-
ever, the invention is not limited to the specific form of
embodiment described and a serial printer of the type
using a heat-sensitive sheet for selectively causing a
multiplicity of heat generating elements arranged in a
row to print characters in dots on the heat-sensitive
sheet or a serial printer of the heat-transfer printing type
for selectively causing heat generating elements to gen-
erate heat to print characters on a sheet of ordinary
paper by transfer-printing through a ribbon having a
coat of mk thereon.

What is claimed is:

1. A dot-matrix serial printer for printing characters
comprising:

a print head which prints said characters, or portions

thereof, in response to a timing signal, said charac-
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8

ters comprising a dot matrix at a predetermined
pitch;

means to generate pulse signals in synchronization
with the movement of said print head in the direc-
tion in which the characters are being printed:;

means to produce said timing signal by dividing, by a
stored value, the frequency of pulse signals from
sald generating means; and

means for varying said pre-determined pitch compris-

Ing:

a central processing unit which outputs a selection
signal in response to dot pitch designating data
received from an external device:; and

a frequency data control unit which, in response to
said selection signal, selectively reads frequency
division data units from frequency division data
memories corresponding to different pitches
thereby providing said stored value to said tim-
ing signal producing means.

2. The dot-matrix serial printer of claim 1 wherein
said timing signal producing means further includes:

means for counting said pulse signals, and generating
a counter signal; and

means for comparing said stored value to said counter
signal and producing timing signals whenever said

stored value equals said counter signal.
X ¥ X * *
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